INTRODUCTION
The Alabama Department of Environmental Management (ADEM) is developing a comprehensive program in Alabama to protect ground water defined by the U.S. Environmental Protection Agency (EPA) as "Class I and II" from surface contamination (U.S. Environmental Protection Agency, 1984) .
The U.S. Geological Survey, in cooperation with ADEM, is conducting a series of geohydrologic studies to delineate recharge areas of the major aquifers in Alabama and areas susceptible to contamination. This report summarizes these factors for major aquifers in Area 4 Calhoun, Jefferson, St. Clair, Shelby, and Talladega The purpose of this report is to describe the geohydrology of the major aquifers in Area 4 and their susceptibility to contamination from the surface. Geologic and hydrologic data compiled as part of previous investigations provided about 90 percent of the data used to evaluate the major aquifers in the area. All wells and springs used for municipal and rural water supplies were inventoried, and water levels were measured in wells where possible. Data on water use were compiled during the well inventory. Water-level data were used to compile generalized potentiometric maps of the aquifers. Areas susceptible to contamination from the surface were delineated partly from topographic maps and other available data, and partly from field investigation.
Location and Physical Features of the Area
The study area is in north central Alabama and comprises 3,929 mi2 (square miles). The study area has a moist, temperate climate and a mean annual rainfall of about 53 inches per year (U.S. Department of Commerce, 1985) . Forest land covers about 72 percent of the area, agricultural acreage 17 percent, and the remainder of the area is mostly urban or wetland acreage. The 1980 population statistics along with predictions for 1990 indicate that about one million people inhabit the study area (Alabama Department of Economic and Community Affairs, 1984) . Birmingham comprises the largest urban area with a population in 1980 of about 300,000 people; other major cities in the study area include Anniston, Sylacauga, and Talladega (plate 1).
Physiography
The study area includes parts of three physiographic sections: the Cumberland Plateau, the Alabama Valley and Ridge, and the Piedmont Upland (Fenneman, 1938) . Figure 1 shows the locations of these three sections as well as the districts within each of them (Sapp and Emplaincourt, 1975) .
The Cumberland Plateau section extends from western Jefferson County to the most western and northern parts of St. Clair County. All but the northeastern part of west Jefferson County is in the Warrior Basin district where altitudes range from 350 feet near the Black Warrior River to over 700 feet along several ridges in the basin.
Drainage within the basin is primarily west to Locust Fork of the Black Warrior River and to the Black Warrior River. The northeastern part of west Jefferson County and the northwesternmost corner of St. Clair County are in the Murphree's Valley and Blount Mountain districts where altitudes range from 700 to 1,100 feet.
The northernmost area of St. Clair County is in the Wills Valley and Blount Mountain districts where altitudes range from 800 to 1,500 feet. Drainage in these three mountain and valley districts is also primarily west to Locust Fork of the Black Warrior River.
The Alabama Valley and Ridge section extends across the majority of the study area and includes several valley and ridge districts.
From west to east, the districts are the Birmingham-Big Canoe Valley, the Cahaba Ridges, the Cahaba Valley, the Coosa Ridges, the Coosa Valley, and the Weisner Ridges. Altitudes in the Birmingham-Big Canoe Valley range from about 500 feet in Jefferson County to about 600 feet in St. Clair County. Drainage is generally west to southwest into the Black Warrior River tributaries across Jefferson County; St. Clair County drainage is primarily east to Big Canoe Creek which flows to the Coosa River.
The Cahaba Ridges trend northeast through parts of Shelby, Jefferson, and St. Clair Counties. Altitudes in the Cahaba Ridges range from about 300 feet in Shelby County to about 1,100 feet in St. Clair County. Drainage from the ridges is southeast to the Cahaba River which flows along the eastern edge of the ridges.
The Cahaba Valley district lies to the east of the Cahaba River and extends northward into St. Clair County east of the Birmingham-Big Canoe Valley district. Altitudes in the Cahaba Valley range from 300 feet in Shelby County to 700 feet in St. Clair County and drainage is generally west to the Cahaba River.
The Coosa Ridge district lies east of the Cahaba Valley and consists mainly of the Double Oak Mountains with altitudes as high as 1,400 feet. Westward drainage off the mountains is generally into Cahaba River tributaries; eastward drainage is primarily into Coosa River tributaries.
The Coosa Valley district extends from the Coosa Ridge district on the west to the Weisner Ridge district and Piedmont Upland section on the east. Altitudes of about 400 and 500 feet dominate the Coosa Valley west of the Coosa River; but east of the Coosa River, altitudes in the valley range from about 500 feet to as much as 1,540 feet. Drainage from the Coosa Valley district is primarily into the Coosa River.
The Weisner Ridge district, located in the northeastern corner of Talladega County and the eastern part of Calhoun County, consists primarily of the Choccolocco and Coldwater Mountains. Altitudes are as high as 2,100 feet on the crest of Choccolocco Mountain. Drainage from the Weisner Ridge district is into tributaries of the Coosa River, namely Choccolocco, Terrapin, and Tallasseehatchee Creeks.
The Northern Piedmont district of the Piedmont Upland section is located in southeastern Talladega County and most of southeastern Calhoun County. Altitudes range from about 1,900 feet on Talladega Mountain to 500 feet in the valleys to the west.
Drainage is primarily into tributaries of the Coosa River.
Previous Investigations
Several published reports on the structure, stratigraphy, and lithology of the study area are of note. Adams and others (1926) provides the descriptive base of most geologic studies in Alabama since its publication. Johnston (1933) presents a comprehensive account of the ground-water resources in the Paleozoic rocks of northern Alabama. Drahovzal and Neathery (1971) Kidd and Shannon (1978) defined geologic structures in Jefferson County; Thomas (1985) compiled balanced structural sections of northern Alabama.
Reports on ground-water resources, which include geologic mapping and well inventories, have been published for each of the counties in the study area and are listed below:
Calhoun -Warman and Causey, 1962 Jefferson -Moffett and Moser, 1978 St. Clair -Causey, 1963 Shelby -Shamburger and Harkins, 1980 Talladega -Causey, 1965 These reports provide a broad and useful base of geologic and hydrologic information.
In addition to the reports listed above, Davis (1980) contains periodic measurements of ground-water levels in the area from 1952 to 1977. These and other useful ground-water publications are listed in the selected references.
GEOLOGY
The geology of the study area, along with the diverse physiography, is quite complex due to large-scale tectonic activity, most of which took place during the Appalachian orogeny. Most of the study area is in the Appalachian fold and thrust belt which consists of shallow marine to deltaic Paleozoic sedimentary strata that were deposited on continental platform (Thomas, 1985) . Paleozoic metasedimentary rocks crop out along the southeastern border of the study area, and are separated from the fold and thrust belt by the Talladega fault ( fig. 2 ).
Structure
Strata throughout the study area generally maintain a northeast-southwest strike, and dips are typically trending to the southeast ( fig. 3) . Across strike, the fold and thrust belt is characterized by three structural domains (Thomas, 1985) . Broad flat-bottomed synclines and narrow asymmetric anticlines comprise the northwest domain.
The central domain is characterized by folds associated with large thrust-fault ramps. The southeastern domain is characterized by low-angle, broad, multiple-level thrust sheets (Thomas, 1985) .
The northwest domain, which coincides with the Cumberland Plateau physiographic section, is represented by the Black Warrior foreland basin (Warrior coal field).
The basin is generally underlain by gently dipping rocks of Pennsylvanian age (Pottsville Formation), although several structures are present (Kidd and Shannon, 1978) . These structural features are not depicted on the figures because they are of small scale.
The central domain of the fold and thrust belt coincides with the Alabama Valley and Ridge physiographic section and consists of sedimentary rocks that range in age from Cambrian to Pennsylvanian (Kidd and Shannon, 1978) . The structures are a series of anticlines and synclines that form northeastsouthwest-trending ridges and valleys. Major structures include the Birmingham anticlinorium, Cahaba synclinorium, and the Coosa synclinorium ( fig. 3 ).
The Birmingham anticlinorium is defined along its west-northwestern limb by the Opossum Valley thrust fault which has a displacement of 7,000 feet or more (Kidd and Shannon, 1978) .
The Cahaba synclinorium is bounded on the northwest by the Birmingham anticlinorium and on the southeast by the Coosa synclinorium.
The Helena fault marks the boundary between the Coosa and Cahaba synclinoriums and involves displacement of 10,000 feet or more (Kidd and Shannon, 1978) .
The Helena is the most domain and generally juxtaposes the Cambrian extensive fault in the central Rome Formation on the east and the Pennsylvanian Pottsville Formation on the west ( fig. 2 ).
The southeastern domain and the Piedmont Upland physiographic section are separated by the Talladega thrust fault ( fig. 2 ) . Greenschist metasedimentary rocks of the Talladega slate belt crop out east of the fault and override the trailing part of the fold and thrust belt (Thomas, 1985) . 
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Birmingham Anticlinorium
Modified from a I. A third major division, the Hillabee Chlorite Schist, crops out east-southeast of the Lay Dam and Abel Gap Formations along the southeastern edge of the study area.
The Cambrian System is represented in the study area by the Chilhowee Group, Shady Dolomite, Rome Formation, and Conasauga Formation. The Chilhowee Group includes the Wilson Ridge Formation and the Weisner Quartzite (Mack, 1980) . The Chilhowee crops out in the Weisner Ridges and the Coosa Valley ( fig. 1) .
The Chilhowee Group consists of fluvial to shallow-marine sandstones, conglomerates, and mudstones with thicknesses in excess of 1,300 feet near Sylacauga in Talladega County (Thomas, 1985) . The Shady Dolomite overlies the Chilhowee Group and generally forms valleys adjacent to, or occurs low on, Weisner-capped ridges. The Shady Dolomite reaches thicknesses of 500 to 1,000 feet and consists of sandy dolomite and dolomitic limestone. The Rome Formation overlies and crops out in proximity to the Shady Dolomite and in a narrow band east of the Helena thrust fault. Interbedded sandstones, siltstones, and shales make up the Rome which has an estimated thickness of 1,000 feet.
The Conasauga Formation, which crops out extensively throughout the Birmingham-Big Canoe, Cahaba and Coosa Valleys, differs lithologically across the study area. Dolomite is common in the Coosa Valley of Talladega, southeastern St. Clair, and northeastern Shelby Counties. The unit has an estimated thickness of 800 to 1,000 feet near Sylacauga in Talladega County (Thomas and Drahovzal, 1973) .
Interbedded shale, limestone, and sandstone occur in Calhoun and northern St. Clair Counties, and dolomite, shale, and limestone interbeds persist in Jefferson and southwest Shelby Counties (Thomas and Drahovzal, 1973) .
The Knox Group of Cambrian and Ordovician age includes the Copper Ridge Dolomite, Chepultepec Dolomite, Longview Limestone, and Newala Limestone (Thomas and Drahovzal, 1973) . The Knox Group overlies the Conasauga Formation and also crops out extensively in the valley areas. The thickness of the unit is approximately 3,900 feet (Thomas, 1985) .
The lithology ranges from siliceous dolomite in the lower part to fine^ to coarse-grained limestones in the upper part. Drahovzal and Neathery (1971) subdivide the Ordovician system into a dominantly carbonate western facies and a largely clastic eastern facies separated by the Helena thrust fault ( fig. 2) .
In ascending order, the western facies is composed of:
the Chickamauga Limestone, Inman Formation, Leipers Limestone, and Sequatchie Formation. The Chickamauga Limestone, Inman Formation, and Leipers Limestone are composed mainly of fine-to coarsegrained, medium-to thick-bedded, pure to argillaceous limestones. These beds are about 260 feet thick at Birmingham in Jefferson County, and thicken northward.
The eastern facies is composed of the Lenoir Limestone, Little Oak Limestone, Athens Shale, Greensport Formation, Colvin Mountain Sandstone, and Sequatchie Formation (Drahovzal and Neathery, 1971) . The units are dominantly clastic with the exception of the lower part (Lenoir and Little Oak Limestones) which are generally fine-to medium-grained, medium-to thick-bedded limestones which correlate in part to each other and to the Chickamauga Limestone. The combined thickness of the Lenoir and Little Oak Limestones ranges from a feather's edge in Calhoun County to about 800 feet at Odenville in St. Clair County.
The Sequatchie Formation, a largely clastic unit, is the youngest Ordovician unit and thins to the southwest and northwest. The unit is only 3 feet thick in Birmingham, Jefferson County (Drahovzal and Neathery, 1971 ).
Silurian and Devonian outcrops within the study area are limited to a narrow area across Jefferson, northwest St. Clair, and northwest Calhoun Counties. The Silurian age Red Mountain Formation is primarily a clastic unit of interbedded sandstone, siltstone, shale, and hematite with thin interbeds of bioclastic limestone.
The maximum thickness of the Silurian rocks is somewhat more than 500 feet (Thomas and Drahovzal, 1973) . The Frog Mountain Sandstone of Devonian age is characteristically a medium-to very coarsegrained sandstone. In Calhoun County, the Frog Mountain is locally thick and apparently thickens toward the southeast to possibly as much as 200 feet. In Jefferson County, thicknesses of less than 25 feet are common. The Chattanooga Shale is a widespread black shale of Devonian age, generally less than 30 feet thick.
The Mississippian System in the study area includes a shallow-marine carbonate facies that is bordered on the southeast by a prograding clastic wedge of deltaic to shallow-marine sandstones and shales (Thomas, 1985) . The Lower Mississippian Maury Shale, which overlies the Chattanooga Shale, is characterized as a greenish clay shale, and ranges from a few inches to about 3 feet in thickness. The upper Lower and Upper Mississippian rocks include, in ascending order: the Fort Payne Chert, Tuscumbia Limestone, Pride Mountain Formation, Hartselle Sandstone, Bangor Limestone, Floyd Shale, and Parkwood Formation.
Some of these units thin or grade laterally into each other and, due to their lithologic complexity, the reader is referred to Thomas (1972) for a more detailed description of the Mississippian stratigraphy.
The Mississippian carbonate facies include the Fort Payne Chert which is primarily a thin-bedded fossiliferous chert and the overlying Tuscumbia Limestone which is a thin-bedded limestone and chert. These units generally crop out on the flanks of structures and have varying thicknesses that tend to thin southwestward in the Warrior basin and southeastward across the fold and thrust belt. Lenses of the Pride Mountain Formation and Hartselle Sandstone overlie the carbonate facies and, through facies changes, have general equivalents in the Floyd-parkwood sequence.
The Floyd-Parkwood clastic sequence progrades from the southwest into a carbonate facies (Bangor Limestone) in the northwestern part of the study area.
Thicknesses generally increase southwestward in the Warrior Basin and southeastward across the Appalachians, but areas of maximum thickness (3/500 feet in the Coosa syncline) appear to coincide with structural troughs.
The Pennsylvanian System includes the uppermost part of the Parkwood Formation and the Pottsville Formation, youngest of the Paleozoic rocks, and crops out in the Warrior Basin as well as on the Cahaba and Coosa Ridges. The Pottsville, primarily a ridge-forming sequence of sandstone, shale and coal beds, overlies the Mississippian Bangor Limestone and the Mississippian and Pennsylvanian Parkwood Formation.
The thickness of the unit increases southward to a known maximum of about 9,000 feet at the southern end of the Cahaba and Coosa synclines (Thomas, 1972) .
HYDROLOGY OF THE MAJOR AQUIFERS
The geologic formations of Area 4 can be grouped into two types of major aquifers the Knox-Shady and the Tuscumbia-Fort Payne. The complex geologic structure has disrupted the regional continuity of the formations so that each major aquifer type occurs repeatedly in different parts of the study area. Individual aquifers are associated with the major valleys in the study area ( fig. 1) , with the valleys separated by ridges consisting of the more impermeable rock types of sandstone, quartzite, and slate.
The same major aquifer type may be present in adjacent valleys but may not be hydraulically connected because of faulting or folding ( fig. 3 ).
Rocks classified as aquifers are generally carbonates, and the highest yields are from wells that have intercepted interconnected solution cavities. Individual rock units and their water-bearing properties are described in table 1.
Most rocks within the valleys are covered by a mantle of residuum, which is the product of the weathering of the underlying parent material, allowing water to occur under either water-table or artesian conditions within the aquifers.
The ridges dividing the valleys ( fig. 1 ) and the rock types that capped them are as follows:
Weisner, quartzite; western edge of the Northern Piedmont, slate; Cahaba, sandstone and conglomerate; and Blount Mountain, sandstone. These rocks are highly resistant to weathering, were unaffected by faulting, and are relatively impermeable.
A well drilled in the Weisner Quartzite on Choccolocco Mountain in Calhoun County went to a depth of 305 feet without finding water (Johnson, 1933) . The ridges generally have steep slopes and little soil which enhances the rapid runoff of rainfall to the edges of the flatter valleys.
The Knox-Shady aquifer is present in the Coosa, Cahaba, Birmingham-Big Canoe, and Murphree's Valleys. Formations included in the Knox-Shady aquifer are the Weisner Quartzite; Shady Dolomite; Conasauga Formation; Copper Ridge and Chepultepec Dolomites; and the Longview, Newala, Lenoir, and Little Oak Limestones.
The Weisner Quartzite is predominantly a ridge-forming formation in the study area, but there are areas where the sandstone is poorly cemented and the Weisner is water bearing as evidenced by Coldwater Spring with a discharge of 32 Mgal/d (million gallons per day).
The water-bearing areas are usually associated with the valleys and not the ridges.
The Shady Dolomite is characteristic of the calcareous rocks in the study area where dissolution of the rocks along fractures creates enlarged channels that can yield substantial amounts of water to wells.
The Conasauga limestones of the Birmingham-Big Canoe Valley are good water-bearing units with the beds having well developed solution channels.
In the Coosa Valley where the formation is shaley, it is not a good aquifer and is used only for domestic supplies.
The Copper Ridge and Chepultepec Dolomites are similar in their waterbearing characteristics. Both have an elaborate system of closely spaced and interconnected solution channels. Weathering results in a cherty soil that is porous and allows rapid infiltration of rainfall.
The Longview, Newala, Lenoir, and Little Oak Limestones have properties similar to the other carbonate units, with water derived from solution channels. Only the Longview has appreciable chert in its weathered soil, but the soil is not as permeable as the underlying dolomites.
As an indication of the variability of the Knox-Shady aquifer's potential, the maximum yields for wells and springs, respectively, are given for the counties where the aquifer is used:
Calhoun, 1,100 gal/min (gallons per minute) and 32. The Fort Payne Chert owes its water-bearing capacity to the fact that the limestone in the cherty beds is easily dissolved, leaving a porous groundwater reservoir.
Where the beds have been folded, incipient cracks in the chert have opened, enhancing the porosity of the aquifer.
On the gentler slopes of the formation, broken chert fragments have accumulated, creating a highly permeable soil.
The Hartselle Sandstone is well cemented and has only fair porosity throughout most of its outcrop where it yields moderate amounts of water to wells.
At Irondale in Jefferson County, however, the sandstone is soft and friable and yields are higher.
The Bangor Limestone, like the other carbonate rocks, has a network of solution channels that are interconnected and can yield large quantities of water. The formation contains sufficient chert to allow the development of a fairly permeable soil.
To indicate the variability of the Tuscumbia-Fort Payne aquifer's potential, the maximum yields for wells and springs, respectively, for the counties where the aquifer is used are:
Jefferson, 1,200 gal/min and 0.2 Mgal/d; and St. Clair, 250 gal/min and 2.2 Mgal/d. Two other aquifers, the Pottsville and Piedmont, are used for water supply within the study area but are not considered major aquifers.
The Pottsville aquifer consists of the Pottsville Formation, and the Piedmont aquifer consists of Precambrian and Paleozoic metamorphic and granitic rocks. For information on these aquifers, the reader is referred to the reports in this series covering Area 3 (Stricklin, 1989) and Area 5 (Kidd, 1989) .
Recharge and Movement of Ground Water
The source of recharge to the major aquifers is rainfall. Average annual rainfall is about 53 inches per year, but a large part of this is lost either by direct runoff to streams immediately after a rain or by evapotranspiration to the atmosphere. A relatively small part of the total rainfall infiltrates to the water table to recharge the aquifers. The only measurable amount of recharge to the aquifers is that which is discharged to streams. A conservative estimate of recharge can be obtained by examining the base (dry weather) flow of streams. Based on data from six long-term gaging stations within the study area, the estimate for aquifer recharge is about 5 inches per year.
Movement of ground water is controlled by the force of gravity so that water moves from points of higher altitude to points of lower altitude. Ground-water movement can be illustrated by plotting the water levels in wells on a map and contouring the water levels.
This produces a potentiometric surface map and, by tracing a line perpendicular to the contours from higher to lower altitudes, one can determine the path that ground water moves through the aquifer. Streams are the most common natural low points on the potentiometric surface map, but within the study area there are numerous springs which occur where the water table intercepts the land surface. The general pattern of ground-water movement for the Knox-Shady aquifers can be determined from the potentiometric surfaces on plate 1.
The potentiometric surfaces were constructed for data ranging from 1928 to 1987 and, due to natural annual fluctuations generally being less than 10 feet, the surfaces being contoured at 50 feet intervals should be representative of average conditions within the aquifers.
Movement of ground water is primarily from the higher altitudes adjacent to the ridges to the center of the valleys, but there is also "downvalley" movement in the same direction that the streams flow. Incised streams draining the aquifers in the Birmingham-Big Canoe Valley can cause depressions in the potentiometr ic surfaces, as can be noted at Pinson in northern Jefferson County and just south of Birmingham.
But, in the broader Coosa Valley, the potentiometric gradients are smoother reflecting the gentler relief.
Pumping from a well also causes a depression in the potentiometric surface of an aquifer.
However, no one withdrawal rate is large enough in the study area to be visible on plate 1. Water-level data for the Tuscumbia-Fort Payne aquifers are too sparse and the outcrop of their formations too narrow to present potentiometric surface maps for these aquifers.
The general groundwater flow direction is the same as the surface-water gradient.
Faulting is another important factor that needs to be considered when discussing ground-water flow in the study area, as noted by Johnson (1933, p. 77) . Information is not available to completely evaluate the importance of faulting on ground-water movement in the study area, but a report (Scott and others, 1987) on Coldwater Spring, which lies on the trace of the Jacksonville Fault, attempted to identify the recharge area for the spring.
Based on a potentiometric surface map, the recharge area for the spring was estimated to be about 23 mi 2 (Scott and others, 1987) . However, recharge rates determined from ground-water runoff to streams during periods of low flow indicate that the recharge area for the spring could be about 90 mi 2 .
The discrepancy in the values determined for the recharge area emphasizes the importance faulting may have on ground-water movement throughout the study area.
Natural Discharge and Ground-Water Withdrawals A large part of aquifer recharge is discharged to streams through seeps and springs.
At the driest time of the year, almost 600 Mgal/d of ground water are discharged to the streams in the study area (Hayes, 1978) . Pumpage from wells accounts for any other measurable discharge from the aquifer system.
For the study area, estimated withdrawals from ground water are as follows: public supply, 43.0 Mgal/d; self-supplied industry, 6.0 Mgal/d; agriculture, 1.5 Mgal/d; and self-supplied domestic, 2.0 Mgal/d (Baker and Mooty, 1987) .
The estimated total withdrawal of 52.5 Mgal/d is equivalent to 0.3 inches per year of recharge.
The largest ground-water users in the study area are Anniston ( Locations of all public-supply wells and springs are shown on plate 1; pertinent data concerning the wells and springs, including well construction, water levels, and spring flows are presented in table 2.
SUSCEPTIBILITY OF THE AQUIFERS TO CONTAMINATION
All of the recharge areas for the major aquifers are susceptible to surface contamination (plate 1) .
The recharge areas occur in the stream valleys where rainfall runoff is much slower than that of runoff on steepersloped ridges.
Slower runoff allows more infiltration of rainfall and, therefore, provides the means to carry contaminants to the aquifers. Locally (areas too small to show on plate 1) the susceptibility of an aquifer to contamination may be higher because of three factors that can potentially increase the permeability of the aquifer materials or the soils overlying the aquifers.
Faulting enhances the permeability of most rock materials as the stresses during faulting mechanically fracture the rocks. This is apparent from the coincidence of major springs associated with traces of major faults (Johnston, 1933) . The increased permeability in fault zones also represents an increase in the potential for surface contamination to enter the aquifer; these areas are designated as highly susceptible to contamination. The identification of these areas in such a geologically complex environment would require a detailed geologic map showing the traces of individual faults and is beyond the scope of this investigation.
When rocks that have a high chert content are weathered, the chert remains unaltered, leaving a residuous soil which is fairly porous, and allows rapid recharge (Johnston, 1933) .
Again, areas underlain by these soils tend to be more susceptible to surface contamination, but a detailed geologic map or possibly a soils map showing the particular formations or soils of interest would be needed to identify these localized areas.
There are areas within the study area that can be classified as extremely susceptible to contamination and these areas coincide with the locations of sinkholes.
Sinkholes are depressions in the land surface caused by the collapse of rock materials into a solution cavity.
Sinkholes can provide a direct link to the aquifer system that could allow immediate contamination of the aquifer. Locations of mappable sinkholes are shown on plate 1 with distinction made between smaller and larger (greatest surface dimension greater than 0.2 mile) sinkholes.
SUMMARY AND CONCLUSIONS
The geology of the study area, along w^ith the diverse physiography, is quite complex owing to past large-scale tectonic activity. Most of the study area is in the Appalachian fold and thrust belt which consists of Paleozoic sedimentary strata. Paleozoic metasedimentary rocks crop out along the southeastern border of the study area and are separated from the fold and thrust belt by the Talladega fault.
The geologic formations in Area 4 can b^ grouped into two types of major aquifers the Knox-Shady of Cambrian-Ordovidian age rocks and the TuscumbiaFort Payne of Mississippian age rocks. The complex structure in the area has disrupted the regional continuity of the formations so that individual aquifers are associated with the major valleys in the study area and the same major aquifer type may be present in adjacent valleys but may not be hydraulically connected because of faulting or folding.
Aquifers coincide with the physiographic districts of the Coosa Valley, Cahaba Valley, Birmingham-Big Canoe valley, and Murphree's valley. These aquifers are tapped within their outcrop areas where they are also recharged. Most rocks are covered by a mantle of residuum which is a product of the underlying parent material so that water may occur in either water-table or artesian conditions within the aquifers.
Highest yields from aquifers are associated with solution openings in carbonate rocks.
Springs provide substantial amounts of water for municipal supply with the largest being Coldwater Spring in Calhoun County. All the recharge areas for the aquifers are susceptible to contamination from the surface. Two conditions exist in the study area which may cause the aquifers to be highly susceptible to contamination on a local scale: rock materials are fractured in places due to faulting, and weathered, cherty soils tend to be porous.
Where sinkholes are present, there may be a direct connection between the surface and the aquifer; these areas are considered to be extremely susceptible to contamination. Altitude of land surface: Altitudes given In feet above sea level from topographic map or determined by aneroid barometer; altitudes given In feet and tenths determined by Instrumental leveling.
Method of lift: C, centrifugal; F, flowing; J, jet; N, none; S, submersible; T, turbine.
Use of well: P, public water supply; U, unused; I, Industrial.
* Local well number, "well no. 3" as referred to by the cities and towns. ** Alphanumeric well numbers, "B-5" as used In Geological Survey of Alabama reports. 
